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(54) Tubular graft formed of monofilament fibers 

(57) A thin-walled prosthesis is provided that 
includes a tubular graft formed of a monofilament fiber. 
The graft has sufficient strength and durability to with- 
stand loads applied during deployment and while 
implanted and sufficiently low permeability to prevent 
excessive leakage of body fluids through the material or 
to provide a sufficient seal, for example, so as to prevent 
aneurysm pressurization. A preferred embodiment of 
the present invention relates to a tubular grafts con- 
structed of monofilament fibers for endoluminal place- 
ment within a body lumens, including blood vessels, and 
for the treatment of abdominal and other aneurysms. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to tubular pros- 
theses such as grafts and endoluminal prostheses 
including, for example, stent-grafts and aneurysm 
exclusion devices, and methods for placement of such 
grafts and endoluminal structures. More particularly, the 
present invention relates to a graft or a prosthetic device 
including a graft constructed of monofilament fibers for 
placement within or in place of a body lumen, including, 
for example, vascular grafts for replacing blood vessels, 
devices for opening or supporting blood vessels, and 
devices for the treatment of abdominal and other aneu- 
rysms. 

BACKGROUND OF THE INVENTION 

[0002] A wide range of medical treatments have 
been previously developed using "endoluminal prosthe- 
ses," which terms are herein intended to mean medical 
devices which are adapted for temporary or permanent 
implantation within a body lumen, including both natu- 
rally occurring or artificially made lumens. Examples of 
lumens in which endoluminal prostheses may be 
implanted include, without limitation: arteries such as 
those located within coronary, mesentery, peripheral, or 
cerebral vasculature; veins; gastrointestinal tract; biliary 
tract; urethra; trachea; hepatic shunts; and fallopian 
tubes. Various types of endoluminal prostheses have 
also been developed, each providing a uniquely benefi- 
cial structure to modify the mechanics of the targeted 
luminal wall. 

[0003] Also a number of vascular grafts have been 
developed for either replacing, supplementing or 
excluding portions of blood vessels. These vascular 
grafts may include but are not limited to endoluminal 
vascular prostheses. 

[0004] Graft materials have been used In a number 
of medical applications including in vascular graft and/or 
in endoluminal prostheses. Among other applications, 
materials have been used in tubular vascular prosthe- 
ses for repairing or replacing blood vessels. They have 
also been used in aneurysm exclusion devices such as 
abdominal aortic aneurysm ("AAA") devices that are 
used to exclude aneurysms and provide a prosthetic 
lumen for the flow of blood. Further uses have included 
stent-grafts such as covered stents that are used for 
providing artificial radial support to the wall tissue, 
which forms the various lumens in the body. Such cov- 
ered stents have attempted among other things to 
address problems that are presented by a thrombo- 
genic environment or to promote healing in the vessel 
wall tissue that is prone to scarring. These attempts 
include providing a lining or covering in conjunction with 
an implanted stent. Typically graft materials used in 
these include multifilament woven polymer materials 



and polytetrafiuoroethylene ("PTFE"). The stent-grafts 
may have graft material on the inner diameter or outer 
diameter of a support structure. 

[0005] One very significant of these uses for endo- 
5 luminal or vascular grafts is in treating aneurysms. 

[0006] Vascular aneurysms are the result of abnor- 
mal dilation of a blood vessel, usually resulting from dis- 
ease or genetic predisposition which can weaken the 
arterial wall and allow it to expand. While aneurysms 
w can occur in any blood vessel, most occur in the aorta 
and peripheral arteries, with the majority of aneurysms 
occurring in the abdominal aorta. Typically an abdomi- 
nal aneurysm will begin below the renal arteries and 
may extend into one or both of the iliac arteries. 
15 [0007] Aneurysms, especially abdominal aortic 
aneurysms, have been most commonly treated in open 
surgery procedures where the diseased vessel seg- 
ment is bypassed and repaired with an artificial vascular 
graft. While considered to be an effective surgical tech- 
no nique in view of the alternative of a fatal ruptured 
abdominal aortic aneurysm, the open surgical tech- 
nique suffers from a number of disadvantages. The sur- 
gical procedure is complex and requires long hospital 
stays due to serious complications and long recovery 
25 times and has high mortality rates. 

[0008] In order to reduce the mortality rates, com- 
plications and duration of hospital stays, less invasive 
devices and techniques have been developed. The 
improved devices include tubular prostheses that pro- 
30 vide a lumen or lumens for blood flow while excluding 
blood flow to the aneurysm site. The prostheses are typ- 
ically made of a tubular multifilament woven graft mate- 
rial that is secured to a vessel wall above and below the 
aneurysm site with at least one attached expandable 
35 ring member that provides sufficient radial force so that 
the prosthesis engages the inner lumen wall of the body 
lumen. Other mechanisms have been used to engage 
the vessel walls such as, for example, forcibly expanda- 
ble members or hook like members that puncture the 
40 vessel wail 

[0009] Although frequently referred to as stent- 
grafts, these devices differ from covered stents in that 
they are not used to mechanically prop open natural 
blood vessels. Rather, they are used to secure an artifi- 
45 cial lumen to the vessel wall without further opening the 
natural blood vessel that is already abnormally dilated. 
[0010] These aneurysm exclusion devices are pref- 
erably loaded into a catheter, which is used to deliver 
and place the prosthesis at an appropriate location, 
so This has been done one of several ways. Most fre- 
quently, a surgical cut down is made to access a femoral 
iliac artery. The catheter is then inserted into the artery 
and guided to the aneurysm site using fluoroscopic 
imaging where the device is released from the catheter. 
55 Where expandable rings are used, the rings supporting 
the graft, biased in a radially outward direction, then 
expand to engage the prosthesis in the vessel against 
the vessel wall to provide an artificial lumen for the flow 
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of blood. Another technique, though less frequently 
used, includes percutaneously accessing the blood ves- 
sel for catheter delivery, i.e., without a surgical cutdown. 
[0011] Multifilament fibers have been used in AAA 
devices, primarily because it was believed that the fib- 5 
ers provide relative strength and durability required by 
the prostheses and monofilament fiber based grafts 
have been avoided because they had insufficient leak 
resistance. Typically the woven multifilament graft mate- 
rial is made of yarns which consist of about 25 to 1 00 io 
fibers. The selection of yarn dictates the resultant 
mechanical properties such as percent elongation, 
fatigue strength, burst strength, and permeability to 
water or other fluids. One disadvantage to using these 
materials is that the multifilament fiber adds bulk, and is 
relatively bulky grafts are more difficult to deliver using 
modem low-profile endovascular techniques. Another 
disadvantage is that they cannot be woven into fabric 
without a significant number of fissures or hooks (frays) 
and defects that occur during the weaving process. 20 
These fissures, hooks and defects tend to make the 
woven graft material even thicker and may cause 
increased tissue immune response.. Lower profile mul- 
tifilament woven materials have not provided sufficient 
strength to the grafts in which they have been used. 25 
[0012] One disadvantage of the currently used 
devices is that when radially compressed, they are 
larger than would be ideal and thus require larger diam- 
eter catheters for delivery. This makes catheter access 
to the site and maneuverability through the tortuous or 30 
narrowed diseased vessels more difficult and may 
exclude some patients from eligibility for some proce- 
dures. In most current AAA devices, the total outer 
diameter of the introducer systems are relatively large, 
i.e., around 20-24 French. Providing a smaller intro- 35 
ducer system would, among other things, allow for treat- 
ment of patients with smaller blood vessel diameters 
and provides for faster delivery. 

[0013] Therefore, it is desirable to provide an endo- 
luminal graft that is made of a material having sufficient 40 
strength, durability and low-permeability, while capable 
of being radially compressed into and delivered from 
smaller diameter delivery catheters. 
[0014] The invention is defined in the independent 
claims 1,12 and 20. 45 
[0015] According to preferred embodiments the 
present invention provides an improved endoluminal 
prosthesis made of a graft material having a relatively 
smaller collapsed profile. In particular, the present 
invention provides an endoluminal graft device made of so 
monofilament fibers instead of the fiber bundles of the 
multifilament fibers. Accordingly the present invention 
provides for a lower volume structure with comparable 
strength. More particularly, the graft material comprises 
a finely woven monofilament fiber with a small enough 55 
pore size and low enough percent open area to provide 
thin graft material with low permeability. The monofila- 
ment fibers may be woven in a number of ways as are 



generally known in the art to provide more densely 
packed material and smaller pore sizes, in one pre- 
ferred embodiment, the material is woven polyester. 
The monofilament fibers may be shaped in a manner to 
provide a more compact and stronger material. For 
example, the fibers may be rounded or oval in shape. 
[0016] The graft material is of a sufficiently low per- 
meability so as to avoid excessive leakage, to prevent 
pressurization of the aneurysm and/or to form a seal. 
Although some leakage of blood or other body fluid may 
occur into the aneurysm site isolated by the prosthesis, 
the graft material is believed to prevent the pressuriza- 
tion of the aneurysm and thus aneurysm rupture. It is 
believed that by preventing excessive leakage into the 
aneurysm site the chance of pressurization of the aneu- 
rysm will be significantly decrease. In other words, by 
isolating the aneurysm from the flow of biood through 
the blood stream, aneurysm rupture is prevented. Per- 
meability of the graft, in part, determines whether or not 
excessive or clinically undesirable leakage will occur 
through the graft material. Preferably the water permea- 
bility of the graft is at about 2300 ml/cm 2 /min or less and 
most preferably at about 600 ml/cm 2 /min or less. 
[001 7] Another important parameter in constructing 
a graft is the material thickness. The thickness of the 
material is sufficiently low to allow the endoluminal graft 
to collapse to a small enough profile to allow placement 
into the vasculature. The graft is thus thin-walled so that 
is may be compressed into a small diameter catheter, 
yet capable of acting as a strong, leak-resistant, fluid 
conduit when in tubular form. The present invention in 
the embodiment of an AAA device would enable smaller 
French size introducer systems, i.e., to sizes of 18 
French or less. Preferably the wall thickness is in the 
range of 80 microns or less. 

[0018] The strength of the material is sufficient to 
allow it to withstand the toads applied during deploy- 
ment and the cyclical loading in the body for a reasona- 
ble duration. Where an annular support structure or 
stent is used, the endoluminal graft must provide suffi- 
cient strength to allow attachment of the annular sup- 
port structure or the stent. 

[0019] Preferably the graft material has a pore size 
of 1 1 microns or less, a percent open area of about 5% 
or less, and/or a tensile strength of about 44 pounds per 
inch, most preferably a pore size of about 5 micron or 
less, a percent open area of about 1% or less and a ten- 
sile strength of about 65 pounds per inch or less. A suit- 
able material would be a polyester. 
[0020] A preferred embodiment of the present 
invention relates to a tubular grafts constructed of 
monofilament fibers for endoluminal placement within a 
body lumens, including blood vessels, and for the treat- 
ment of abdominal and other aneurysms. This embodi- 
ment of the tubular graft includes radially compressible 
annular spring portions which when released, bias the 
proximal and distal portions of the graft into conforming 
fixed engagement with an interior surface of the vessel. 
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[0021] One embodiment provides an aneurysm 
repair system characterized by a graft apparatus which 
can be placed within a diseased vessel via deployment 
means at the location of an aneurysm. The graft device 
comprises a tubular graft formed of a woven monofila- 5 
ment fiber for conducting fluid. The graft device may be 
in the form of either a straight single-limb graft or a gen- 
erally Y-shaped bifurcated graft having a trunk joining at 
a graft junction with a pair of lateral limbs, namely an 
ipsilateral limb and a contralateral limb. Preferably the 10 
ipsilateral limb is longer so that when deployed, it 
extends into the common iliac. A single limb extension 
graft is provided having a mating portion for coupling 
with a lateral limb of a bifurcated graft and an adjustable 
length portion extending coaxially from a distal end of 15 
the mating portion. 

[0022] The graft apparatus includes radially com- 
pressible spring means having at least two coaxially 
spaced annular portions for biasing the proximal and 
distal portion of an associated graft limb or limb portion 20 
radially outward into conforming fixed engagement with 
the interior of the vessel. The annular portions are pref- 
erably constructed of nitinol. Examples of such spring 
means are described, for example, in U.S. Patent Nos. 
5,713,91 7 and 5,824,041. 25 
[0023] In the extension graft, an annular spring por- 
tion is located at a distal end of the adjustable length 
portion for similar biasing purposes. The proximal por- 
tion of the extension graft includes a spring means for 
engaging the inner lumen of the contralateral limb por- 30 
tion of the graft. 

[0024] The spring means may be attached to the 
graft by various means, such as, for example, by stitch- 
ing the annular portions on either the inside or outside 
of the tubular graft. 35 
[0025] Various means for deployment of the 
devices are well known in the art and may be found for 
example in U.S. Patent Nos. 5,713,917 and 5,824,041 . 
[0026] In general, the graft is radially compressed 
and loaded into a catheter. The aneurysm site is located 40 
using an imaging technique such as fluoroscopy and is 
guided through a femoral iliac artery with the use of a 
guide wire to the aneurysm site. Once appropriately 
located, the sheath on the catheter covering the tubular 
graft is retracted, thus allowing the annular springs to 45 
expand and attach or engage the tubular graft to the 
inner-wall of the body lumen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0027] 

Fig. 1 is an elevational view showing a single-limb 
graft of the present invention fully deployed within 
an aorta of a patient to repair an aneurysm; 55 
Fig. 2 is an elevational view showing a bifurcated 
graft of the present invention fully deployed within 
an aorta and lateral iliac vessels joined therewith. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] In a preferred embodiment, a monofilament 
graft material is made into vascular grafts by sewing the 
material into single tubular structures. Seams are sewn 
with a Locking stitch with 5-0 size suture material (Ethi- 
bond PN 8890H). Then, annular nitinol support struc- 
tures are sewn into the graft material in a manner as 
described with respect to the embodiments referred to 
in Figures 1 and 2. 

[0029] Specific graft materials are selected based 
on performance criteria such as pore size, percent open 
space, water permeability, wall thickness, tensile 
strength, and strength per stitch. 

[0030] Two examples of suitable materials based on 
these selection criteria are as follows: 

EXAMPLE 1 

[0031] The Medifab™ 7-11/5 material manufactured 
by Tetko, Inc., now Sefar America, Inc. was selected 
based on these parameters. The specification of the 
material provides a pore size of 1 1 microns and a 5% 
open area. One manner in which pore size and open 
area may be determined is by taking images of the graft 
materials on suitable equipment such as a Scanning 
Electron Microscope, SEM. Measurements are made of 
the width of the fibers. Open area of the mesh is then 
measured in each direction and used to determine pore 
size, and based on the total graft area, the percent open 
area. The specified product thickness of about 60 
microns was confirmed to be approximately correct. A 
tensile strength of about 45 lbs. per inch, and a seam 
strength of over 13 lbs. per inch were also measured 
where the seam stitching was on average at a rate of 1 9 
stitches per inch. 

[0032] The water permeability of the material was 
measured at approximately between 2100-2300 
ml/cm 2 /min. Permeability testing was determined by 
supplying filtered waster at 120 mm Hg to a circular 
aperture (between 1 and 0.5 cm 2 ) containing the sam- 
ple and collecting the flow. The permeability is calcu- 
lated from the equation: water permeability = Q/A 
where Q is the flow rate through the sample in mL/min 
and A is the cross-sectional area of the aperture in cm 2 . 
The testing is based on ANSi/AAMI VP20-1994 section 
8.2.2 "Method for determination of water permeability." 
Some exceptions to the testing protocol were it did not 
meet the specification that "there are no bends or 
changes in diameter of flow pathway within a distance 
from the test sample of six diameters of the test area." 
Also, some testing was run for 30 seconds instead of 60 
seconds. 

[0033] The material was woven using a 2/2 Twill 
weave using fibers having a diameter of about 38 
microns. The grafts were implanted in animals in studies 
and were found to have no excessive leakage. 
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[0034] The material was also found to have a 
strength of at least 48 lbs. per inch and at least compa- 
rable or lower permeability when the material was 
treated by a calendaring process where the material is 
heated below the melting point and pressed. The calen- 
daring process reduced the thickness of the material 
from about 60 microns to about 40 microns, i.e., about a 
30% reduction in material thickness. This process may 
also be used to make the material less permeable. 

EXAMPLE 2 

[0035] The Medifab™ 7-5/1 material manufactured 
by Tetko, Inc., now Sefar America Inc. were selected 
based on parameters described above. The material 
specifications provide a pore size of 5 microns and a 1% 
open area. The specified product thickness is about 80 
microns. A tensile strength of about 68 lbs. per inch, and 
a seam strength of over 35 lbs. per inch were also 
measured where the seam stitching was on average at 
a rate of 19 stitches per inch. The water permeability of 
the material has been measured at approximately 
between 400 ml/cm/min and 600. The material is woven 
using a 4/4 Twill weave with fibers having a diameter of 
about 34 microns. The grafts were implanted in animals 
in studies and were found to have no excessive leak- 
age. 

[0036] Referring now to Fig. 1, there is illustrated 
the monofilament graft of the present invention in use 
with an aneurysm exclusion device. 
[0037] The device is shown in place in an abdomi- 
nal aorta. An aorta 10 is joined by renal arteries 12 and 
14 at the aorto-renal junction 16. Just below the aorta- 
renal junction is an aneurysm 18, a diseased region 
where the vessel wall is weakened and expanded. An 
elongated single-limb tubular prosthesis 20 is deployed 
at the region of aneurysm 1 8 for the purpose of relieving 
blood flow pressure against the weakened vessel wall 
by acting as a fluid conduit through the region of the 
aneurysm. In its deployed condition, prosthesis 20 
defines a central longitudinal axis 22 extending in a 
direction of blood flow through aorta 10. 
[0038] Prosthesis 20 comprises a graft material 24 
enclosing radially compressible spring means 26 for 
biasing a proximal end 28 and a distal end 30 of the 
prosthesis into conforming fixed engagement with an 
interior surface of aorta 10. 

[0039] Graft material 24 is a biocompatible, low- 
porosity fabric, woven from a monofilament fiber such 
as polyester. The graft 24 is thin -walled so that is may 
be compressed into a small diameter catheter, yet capa- 
ble of acting as a strong, leak- resistant, fluid conduit 
when in tubular form. Monofilament fibers are interwo- 
ven to form the graft material 24. The graft material 24 
is formed into a tube as illustrated. 
[0040] A middle portion 29 of prosthesis 20 
between proximal end 28 and distal end 30 is tapered to 
provide a decreased fluid-conducting cross-sectional 



area relative to ends 28 and 30, such as by excising at 
least one longitudinal strip of graft material 24 and sew- 
ing the resulting gap or gaps closed, as a way of reduc- 
ing the occurrence of folding and wrinkling and adapting 
5 the graft to fit within a wider range of differently sized 
vessels. 

[0041] Enclosed within graft material 24 is a nitinol 
wire spring having a proximal spring portion 34 and a 
distal spring portion 36. Alternatively, the proximal 

io spring portion 34 may have uncovered portions or open 
areas proximal of the graft material so that in the event 
the spring portion 34 is deployed over the renal arteries 
12, 14, the blood flow through arteries 1 2, 1 4 will not be 
blocked. Spring portions 34 and 36 are designed to 

15 exert radially outward force sufficient to bias graft mate- 
rial 24 at graft ends 28 and 30 into conforming fixed 
engagement with the interior surface of aorta 10 above 
and below aneurysm 18. The nitinol wire used to form 
the spring is in a superelastic, straight annealed condi- 

20 tion and may be coated with titanium oxide to improve 
biocompatibility, reduce the incidence of allergic reac- 
tion to nickel, and improve radi opacity. Other coatings 
as are generally known in the art may also be used to 
lower the risks of blood clotting and wire corrosion. 

25 Spring portions 34 and 36 are each formed by revolving 
a sinusoidal wire pattern of straight spokes 38 con- 
nected by rounded alternating crests 40 and troughs 42 
about central axis 22 to provide a continuous annular 
spring portion. A preferred spring portion includes five 

30 equispaced crests 40 and five equispaced troughs 42 
formed to a predetermined radius to produce better 
spring properties and avoid sharp transitions in the wire, 
in that sharp transitions are more prone to failure. The 
coaxially spaced spring portions 34 and 36 are con- 

35 nected by at least one straight connecting bar 44 which 
preferably extends generally parallel to central axis 22 
for minimal disruption of blood flow. Connecting bar 44 
provides torsional stability for graft 20, and may be 
welded to spring portions 34 and 36, or fastened thereto 

40 by a small, tightened sleeve (not shown). 

[0042] The wire spring is sewn within graft material 
24 using a polyester suture.. A preferred stitch pattern 
includes two generally parallel stitches extending along 
opposite sides of the wire, and a cross-over stitch 

45 around the wire for pulling the parallel stitches together 
to achieve tight attachment of graft material 24 to the 
wire spring. This method of attachment substantially 
prevents contact between wire spring and the interior 
surface of the vessel, and is reliable over time. In 

so accordance with the present invention, graft material 24 
may be cut out between crests 40 of proximal spring 
portion 34 and distal spring portion 36 to define a plural- 
ity of radially distensible finger portions 46 at graft ends 
28 and 30. Importantly, finger portions 46 allow graft 20 

55 to be situated with proximal end 28 relatively close to 
aorto-renal junction since gaps between the finger por- 
tions may be aligned with renal arteries 12 and 14 so as 
not to block blood flow. Finger portions 46 may be radi- 
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ally compressed to approximate a conical tip to facilitate 
loading insertion of prosthesis 20 within a sheath. 
[0043] The prosthesis 20 may be loaded into a 
catheter and delivered via catheter through a surgically 
accessed femoral artery, to the desired deployment site. 5 
These and suitable delivery methods and apparatus are 
generally known in the art and may be used to deliver 
the prosthesis. An example of such technique is set 
forth in U.S. Patent No.5,713,917 

[0044] A bifurcated prosthesis 60 as shown in Fig. 4 io 
is also within the scope of the present invention for use 
in cases where involvement of one or both iliac vessels 
11 and 13 is indicated. Prosthesis 60 is Y-shaped and 
includes a primary limb 62 for location within aorta 10, 
and is joined by an ipsilateral limb 64 for location within is 
ipsi lateral iliac vessel 1 1 , and by a contralateral limb 66 
for location within contralateral iliac vessel 13, at a graft 
junction 63. Each limb of bifurcated prosthesis 60 is 
generally similar in construction to single-limb prosthe- 
sis 20. They are made of monofilament fiber graft mate- 20 
rial 24. Proximal and distal ends of each limb are biased 
into conforming fixed engagement with the interior sur- 
face of a corresponding vessel by annular spring por- 
tions associated therewith, and middle portions of each 
limb are preferably tapered. A first nitinol wire spring is 25 
enclosed by, and attachably sewn within, graft material 
24 and includes a proximal spring portion 68A associ- 
ated with a proximal end of primary limb 62, a distal 
spring portion 68B associated with a distal end of pri- 
mary limb 62, and an axially extending connecting bar 30 
68C coupling the proximal and distal spring portions 
together. Similarly, a second nitinol wire spring having a 
proximal spring portion 70A, a distal spring portion 70B, 
and an axially extending connecting bar 70C, is sewn 
within ipsilateral limb 64; and a third nitinol wire spring 35 
having a proximal spring portion 72A, a distal spring 
portion 72B, and an axially extending connecting bar 
72C, is sewn within contralateral limb 66. Terminal ends 
of bifurcated graft 60, namely the proximal end of pri- 
mary limb 62 and the distal ends of lateral limbs 64 and 40 
66, are provided with radially distensible finger portions 
46 as described above. Where entry is to be made 
through an ipsilateral femoral artery to deploy prosthe- 
sis 60, distal spring portion 72B is held in a radially com- 
pressed condition by an expandable retainer ring 79, 45 
which may simply be a length of suture material tied end 
to end using a purse-string type knot to form a loop, to 
prevent premature deployment of distal spring portion 
72B prior to proper positioning thereof within contralat- 
eral iliac vessel 13. Likewise, where entry is to be made so 
through a contralateral femoral artery, distal spring por- 
tion 70B may be provided with a retainer ring 79 to pre- 
vent premature deployment of distal spring portion 70B 
prior to proper positioning thereof within ipsilateral iliac 
vessel 11. 55 
[0045] Although this detailed description sets forth 
a particular and preferred embodiment, it is to be under- 
stood that the claimed invention is not limited to this par- 



10 

ticular embodiment. The present invention 
contemplates various other vascular grafts or endolumi- 
nal prostheses in which a monofilament material is 
used, such as, for example, forcibly expanded coronary 
and peripheral stents or stent-grafts, covered grafts, 
vascular grafts, and other aneurysm exclusion devices. 
The expandable support structures on various embodi- 
ments of the devices may be, for example, self-expand- 
ing, balloon expandable, or otherwise forcibly 
expanded. Other biologically compatible materials 
formed into monofilament fibers are contemplated, 
including other polymers that may be woven into graft 
materials. 

Claims 

1. A vascular graft for use within a human body com- 
prising: 

a graft material constructed from interwoven 
monofilament fibres; 

wherein said graft material has a percent open 
area of about 5 percent or less. 

2. The vascular graft of claim 1 wherein said graft 
material has a water permeability of about 2300 
ml/cm 2 /min or less. 

3. The vascular graft of claim 1 wherein said graft 
material has a water permeability of about 600 
ml/cm 2 /min or less. 

4. The vascular graft according to one of the claims 1 
to 3 wherein said graft material has an average 
pore size of about 1 1 microns or less. 

5. The vascular graft according to one of the claims 1 
to 4 wherein said graft material has a substantially 
uniform wall thickness of about 80 microns or less. 

6. The vascular graft according to one of the claims 1 
to 5 wherein said graft material has an average 
pore size of about less than 5 microns. 

7. The vascular graft according to one of the claims 1 
to 6 wherein said graft material has a tensile 
strength of at least 44 pounds per inch. 

8. The vascular graft according to one of the claims 1 
to 7 wherein said graft material has a wall thickness 
of about 60 microns or less. 

9. The vascular graft according to one of the claims 1 
to 8 wherein said graft material is treated by press- 
ing and heating said graft material. 

10. The vascular graft according to one of the claims 1 
to 9 wherein said monofilament graft material has a 
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proximal portion having a proximal opening and a 
distal portion having a distal opening, said open- 
ings and said graft material forming a lumen for the 
flow of body fluid through said lumen. 

11. The vascular graft of claim 10 wherein said graft is 
an aneurysm exclusion device and wherein said 
graft material has a sufficiently low permeability so 
that when placed over an aneurysm said material 
substantially excludes the aneurysm from blood 
flow. 

12. An endoluminal prosthesis comprising: 

a tubular graft including a monofilament graft 
material, a proximal portion having a proximal 
opening, and a distal portion having a distal 
opening, said openings and said graft material 
forming a lumen for the flow of body fluids 
through said lumen; 

wherein said graft material has a sufficiently 
low permeability to body fluids so that said 
lumen is substantially leak- resistant to the body 
fluids flowing there-through. 

13. The endoluminal prosthesis of claim 12, wherein 
said endoluminal prosthesis further comprises an 
expandable annular support means for engaging 
said proximal and distal portions to an inner wall of 
a body lumen. 

14. The endoluminal prosthesis of claim 12 or 13, 
wherein said graft material has an average pore 
size of about 1 1 microns or less. 

15. The endoluminal prosthesis according to one of the 
claims 12 to 14 wherein said graft material has a 
percent open area of about 1 percent or less. 



two branch portions, each of said at least two 
branch portions having a distal opening; 
said trunk portion and said branch portions 
forming a lumen for the flow of body fluids from 

5 said proximal opening through said distal open- 

ings of said at least two branch portions; 
and wherein said annular support means com- 
prises an expandable annular spring means 
biased in a radially outward direction for engag- 

io ing said proximal and distal portions of said 

graft to an inner wall of a body lumen. 

20. An endoluminal prosthesis comprising: 

15 a tubular graft including a monofilament graft 

material, a proximal portion having a proximal 
opening, and a distal portion having a distal 
opening, said openings and said graft material 
forming a lumen for the flow of body fluids 

20 there-through; 

an expandable annular support means for 
engaging said proximal and distal portions to 
an inner wall of a body lumen; 
wherein said graft material has an average 

25 pore size of about 1 1 microns or less and a per- 

cent open area of about 5 percent or less. 

21. The endoluminal prosthesis of claim 20 wherein 
said graft material has a substantially uniform wail 

30 thickness of about 80 microns or less. 
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16. The endoluminal prosthesis according to one of the 
claims 12 to 15 wherein said graft material has a 
substantially uniform wall thickness of about 80 
microns or less. 

17. The endoluminal prosthesis according to one of the 
claims 12 to 16 wherein said prosthesis is a cov- 
ered stent. 



18. The endoluminal prosthesis according to one of the 
claims 12 to 17 wherein said prosthesis is an aneu- 
rysm exclusion device and said support means 
comprises a spring means biased in a radially out- 
ward direction. 
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19. The endoluminal prosthesis of claim 13 wherein; 55 

said proximal portion comprises trunk portion 
and said distal portion is branched into at least 
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